A model has previously been proposed for the genetic relatedness of the structural proteins of polyoma virus, based upon similarities in the peptide maps of the major capsid protein VP1 with the virion proteins VP2 A previous report from this laboratory has suggested, on the basis of peptide mapping data, that the major capsid protein VP1 of polyoma virus and the two minor groups of proteins VP2 and VP3 are genetically related to one another (1). Contrary data from several laboratories have been presented, showing that peptide maps of the major capsid protein are different from those for the minor components (2-4), indicating that these proteins represent distinct gene products. The studies reported here show that proteins with molecular weights similar to authentic virion VP2 and VP3 can be generated from virions purified from cell lysates after prolonged exposure at 37°C, or by exposure of purified virions to pH 10.6 carbonate in the presence of the reducing agent dithiothreitol. The new 29,000-dalton protein found in virions purified after prolonged incubation of lysate at 37°C contains many VP1 tryptic peptides. These data indicate that VP1 peptides might be present in smaller-molecular-weight proteins of purified polyoma virus as a result of proteolysis during preparation of the virus. The most compelling evidence now suggests that VP1 is indeed a unique gene product distinguishable from VP2 and VP3, and that the latter minor proteins constitute families of molecules of a second gene product. The previously proposed model for polyoma protein processing, therefore, cannot be supported on the basis of currently available evidence.
A model has previously been proposed for the genetic relatedness of the structural proteins of polyoma virus, based upon similarities in the peptide maps of the major capsid protein VP1 with the virion proteins VP2 and VP3. Newer evidence suggests that this model is incorrect, and that protein VP1 is a product of one viral gene and that the multiple components of VP2 and VP3 are products of a second viral gene. Two-dimensional peptide maps of several preparations of polyoma purified separately from four separate infected-cell lysates has shown a variable content of VP1 peptides in proteins VP2 and VP3, with some preparations being free of detectable VP1 material in VP2 and VP3. An alternative explanation for the presence of VP1 peptides in the regions of VP2 and VP3 of some polyoma preparations involves the cleavage of proteins of polyoma virions during exposure to proteolytic enzymes in lysates of infected cells or to endogenous proteolytic activity of virions. Prolonged incubation of infected-cell lysates at 37°C leads to an increase in the amount of 86,000-dalton dimer of VP1, a decrease in the relative amount of VP1, a decrease in or a loss of the lower band of VP2, and the appearance of a new major protein band of approximately 29,000 daltons. Two-dimensional peptide maps of the new 29,000-dalton protein show that it contains some VP1 peptides, indicating that this protein is derived from proteolytic cleavage of VP1. In addition, extensively purified polyoma virus contains a proteolytic activity that can be activated during disruption of the virus with 0.2 M Na2CO3-NaHCO3 (pH 10.6) in the presence of 5 x 10-3 M dithiothreitol.
A previous report from this laboratory has suggested, on the basis of peptide mapping data, that the major capsid protein VP1 of polyoma virus and the two minor groups of proteins VP2 and VP3 are genetically related to one another (1) . Contrary data from several laboratories have been presented, showing that peptide maps of the major capsid protein are different from those for the minor components (2-4), indicating that these proteins represent distinct gene products. The studies reported here show that proteins with molecular weights similar to authentic virion VP2 and VP3 can be generated from virions purified from cell lysates after prolonged exposure at 37°C, or by exposure of purified virions to pH 10.6 carbonate in the presence of the reducing agent dithiothreitol. The new 29,000-dalton protein found in virions purified after prolonged incubation of lysate at 37°C contains many VP1 tryptic peptides. These data indicate that VP1 peptides might be present in smaller-molecular-weight proteins of purified polyoma virus as a result of proteolysis during preparation of the virus. The most compelling evidence now suggests that VP1 is indeed a unique gene product distinguishable from VP2 and VP3, and that the latter minor proteins constitute families of molecules of a second gene product. The previously proposed model for polyoma protein processing, therefore, cannot be supported on the basis of currently available evidence.
MATERIALS AND METHODS
Wild-type polyoma virus was prepared in primary baby mouse kidney cells and purified by methods reported previously (5, 6 (7), and the viral proteins were identified by the Fairbanks staining method using Coomassie blue (8) . Proteins were eluted and prepared for twodimensional tryptic peptide maps as reported elsewhere (7) .
Virion protease. Polyoma virus purified by polyethylene glycol precipitation and CsCl gradient centrifugation was further purified by sedimentation centrifugation in an SW41 Spinco rotor at 35,000 rpm for 45 min in a gradient of 10 to 30% glycerol in TD buffer containing 25 ,ug of BSA per ml. Purified virus was stored frozen at -20°C and, before protease assay, was freed of BSA by centrifugation as described above in a 10 to 30% glycerol gradient in TD without BSA. After dialysis against 0.05 M NH4HCO3 or 0.05 M Tris, both at pH 7.8, portions of the virus were: (i) lyophilized, (ii) freeze-thawed three times, (iii) exposed to 0.05% and 1.0% SDS, (iv) added to an equal amount of 0.625 M Tris (pH 6.8)-1% SDS, (v) exposed to 9 M urea with freshly dissolved ultrapure urea (Schwarz/Mann), (vi) dialyzed against 1,000 volumes 0.2 M Na2CO3-NaHCO3-10 mM dithiothreitol (DTT) (pH 10.6) for 2 h at 0°C followed by dialysis against 0.05 M Tris (pH 7.8, and (vii) heated to 75°C for 1 min. All preparations were incubated overnight at 370C and then precipitated with 16% cold trichloroacetic acid, washed twice each with cold 5% trichloroacetic acid and acetone, and air dried. The samples were then examined in SDS-8 to 15% gradient slab polyacrylamide gels containing 4% bisacrylamide, according to the method of Laemmli (9) . Electrophoresis, staining, and autoradiography were as described previously (2) .
RESULTS
A series of tryptic peptide maps of the isolated and purified viral proteins prepared from a variety of virus isolations showed that the amount of VP1 peptides present in proteins eluted from positions VP2 and VP3 was highly variable. Identical results are obtained in preparations containing little or no core material as is present in this preparation. However, several experiments gave results that are described in Fig. 1 . Major capsid protein VP1 and the highmolecular-weight (86,000) protein gave indistinguishable peptide maps, as has been previously described (1) . The two separated bands of the VP2 region gave peptide maps that were very similar to each other but quite different from VP1. Likewise, the separated bands of the VP3 region gave peptide maps identical to each other but again very different from VP1. The two components of VP2 were similar to both components of VP3, and differed most strikingly in the presence in VP2 of a major peptide that moved very little during electrophoresis, but which moved with the chromatography solvent front (arrows). Both components of VP2 contained this peptide, whereas both components of VP3 were missing this presumably hydrophobic peptide. There are also several minor peptides ofVP2 missing in VP3. The bottom component of VP3 in most virus preparations showed several basic, nonhydrophobic peptides similar or identical to a group of VP1 peptides.
Since other preparations of similarly purified virus did contain more VP1 peptides in the VP2 and VP3 regions, proteolytic cleavage of the virion proteins during virus preparation or purification seemed a likely explanation for the variable results. Such a protease could be an integral part of the virion or a cell or serum contaminant. To examine the possibility of a virion-associated protease, I exposed purified polyoma virus to conditions used during the purification of the virus, and to conditions known or suspected to permit protease activity. Figures 2 and 3 show the results of these treatments of polyoma virus. Exposure of virus to freeze drying, freeze thawing, 9 M urea, and heating to 75°C for 1 min, or to 0.05% SDS failed to produce any changes in the protein pattern of the virus. When purified virions were exposed either to gel sample buffer containing 0.5% SDS or to 0.5% SDS alone and subsequently incubated overnight, there was a marked and preferential loss of proteins VP2 and VP3 and the histone-like proteins, but no major new bands appeared. Figure 3 shows in addition that purified virus that was dialyzed against the pH 10.6 carbonate buffer in the presence of the reducing agent DTT, conditions which are known to disrupt polyoma virus (10), showed the preferential loss of the lower band of VP2 and the appearance of many major new protein bands between VP2 and VP3 and in the low-molecularweight region of the gel. The shorter exposure period makes these changes after pH 10.6-DTT disruption inapparent in the gel shown in Fig. 
2.
To detect a possible proteolytic activity in infected-cell lysates, a sample of stock infectedcell lysate was divided into two portions. From one-half of the preparation, virus was purified immediately by the standard methods of polyethylene glycol. precipitation followed by CsCl gradient centrifugation (6) . The remaining half was incubated for an additional 5 days at 37°C, and virus was isolated by the same method. The yields of labeled virus and the purification characteristics of the two preparations were similar. The purified virus preparations were examined in analytical SDS-polyacrylamide gels, as shown in doublet, (e) upper band of VP3 doublet, and (t) lower band of VP3 doublet. Two-dimensional separation and autoradiography were performed as described previously (7).
virus from unincubated lysate, virus purified from the incubated lysate was relatively deficient in VP1, had preferentially lost the lower band of VP2, and showed at least one new protein band between VP2 and VP3 with a molecular weight approximately 29,000. There was also a marked enrichment of the 86,000-dalton dimer of VP1. The separated proteins isolated from unincubated and from incubated and degraded virus were eluted and prepared for tryptic peptide mapping as described above. The control virus preparations gave results as described in Fig. 1 , with distinctly different maps for VP1 and for VP2 and VP3. In the protiens prepared from virus purified from incubated lysate, the new protein band at 29,000 daltons showed peptides characteristic for VP1, whereas the upper band of VP2 and the components of VP3 continued to show a pattern different from VP1.
DISCUSSION
This model of polyoma protein processing previously suggested from this laboratory was based on the presence of peptides characteristic for VP1 in isolated proteins derived from VP2 and VP3 regions of purified virus. The preparations of purified polyoma were derived from a single high-titer stock of plaque-purified virus, from which was purified separately on several occasions. Since this model has not been confirmed in other laboratories, and since contrary evidence has come from several laboratories, we have attempted to characterize mechanisms by which proteins containing VP1 peptides can be elaborated during the production and purification of polyoma virus.
For a series of purified preparations of polyoma, there are variable amounts of proteins in the region VP2 and VP3 which contain authen- tic VP1 peptides as judged by peptide mapping. However, in some preparations, including our wild-type virus as well as that from W. Gibson, there is little or no material in the region of the minor polyoma proteins which contains peptides derived from the major capsid protein VP1. The presence of variable amounts of material derived from VP1 in VP3 suggests proteolytic degradation of VP1, in agreement with the suggestions given by other workers (2) (3) (4) .
The study of purified virions has suggested the presence of a proteolytic enzyme after exposure to one of the conditions normally used for virus purification and analysis, since exposure of purified virus to conditions similar to those found in gel sample buffer, i.e., high concentrations of SDS, leads to a loss of proteins VP2 and VP3 and virion histone-like proteins. At the present time, I cannot distinguish between selective losses and proteolysis as explanations for this loss of prLtein, although proteolysis is suggested by the relative sparing of only one of many proteins in the virion. When purified virus is dialyzed against pH 10.6 carbonate buffer with 10 mM DTT, and subsequently incubated at 37°C in Tris or NH4HCO3 buffers, not only does the lower band of VP2 decrease markedly, but several major new proteins appear in the regions of VP2 and VP3. This proteolysis is not prevented by incubation in the presence of 1 mM phenylmethyl sulfonyl fluoride (PMSF), suggesting that the protease is not a serine protease. The existence of a proteolytic enzyme activated by SDS or by the pH 10.6-DTT conditions may be related to the presumed proteolytic degradation in cell lysates or during virus purification, although no conditions of high pH or treatment with reducing 
